Conventional two-country RBC models interpret countercyclical net exports as re ecting, in large part, the dynamics of capital. I show that, quantitatively, theoretical economies rely on counterfactual terms of trade effects: trade uctuations, on the contrary, are driven primarily by consumption smoothing, thus generating procyclical net trade in goods. I then consider a class of preferences that embeds home production in a reduced form: consumption volatility increases so that countercyclical net exports re ect primarily a strong relation between income and imports, as in the data. The major discrepancy between theory and data concerns the variability of international prices.
Introduction
Countercyclical net exports represent a central feature of international data, uniformly shared by small and large countries, both developing and developed. This property indicates that countries borrow from international capital markets during booms and repay in recessions, which is at odds with the predictions of consumption smoothing theory.
In several articles, Backus-Kehoe-Kydland [1992, 1994] (BKK henceforth) show that twocountry RBC models are consistent with various properties of international uctuations, and speci cally, countercyclical net exports. Countercyclical trade uctuations, in their interpretation, re ect in large part the dynamics of capital formation: expansions are associated with investment booms nanced by borrowing from international capital markets 1 . Since then, the BKK set up has become a benchmark model in the open macroeconomic literature and variations of it have been extensively used to address issues related to international comovements, role of asset market incompleteness and relative price uctuations 2 .
This paper argues that the mechanism by which the BKK model generates countercyclical net exports is counterfactual. After decomposing the cyclical movements of net exports into price and quantity uctuations, I show that in the BKK model large changes in international prices (terms of trade effect) generate countercyclical net exports. In the data, on the contrary, countercyclical net exports are associated with uctuations in the (net) quantity of goods traded across countries, while international prices play a minor role.
Countercyclical net exports have a counterpart in terms of volatilities: the volatility of domestic spending is larger then the volatility of output. In light of this interpretation, I document that in the BKK model domestic spending is systematically less volatile than output. Throughout the analysis, I include adjustment costs to investment to avoid the volatility of domestic spending from being arti cially increased through this channel. Hence, after reproducing the volatility of investment observed in the data, my ndings suggest that the BKK model delivers too little volatility in consumption. In other words, and once again, consumption smoothing is the prevailing force governing the dynamics of international trade in the model.
I then consider a class of preferences, proposed by Greenwood, Hercowitz and Huffman [1988] (GHH preferences), that include home production in a reduced form. Introducing home production in the BKK framework generates suf cient volatility in consumption so that domestic spending is more volatile than output. Countercyclical net exports are associated with import of goods exceeding export when income rises, as in the data.
An extensive literature has documented that the interaction between home and market activities has important quantitative implications for business cycle predictions of DSGE models 3 .
Supported by evidence on the allocation of time and on the cyclical uctuations in the consumption of market goods that are substitutes for home production (for example, eating at restaurants, housecleaning, child care...), these studies incorporate the idea that households substitute between home and market activities depending on the wage rate. High wages during economic expansions are associated with an increase of hours worked in the market and a corresponding reduction in home production. As a consequence, households increase their consumption of market goods.
Our previous discussion suggests that the home production structure implicit in the GHH preferences is a promising way to deal with the lack of variability in consumption implied by standard isoelastic preferences. My results con rm that quantitatively this is indeed the case.
Moreover, sensitivity analysis shows that these ndings are robust to a wide range of parameter values. I study the effects of varying the elasticity of substitution between traded goods, which turns out to be critical in the BKK model. Intuitively, high complementarity between traded goods implies that country-speci c productivity shocks, by altering the relative scarcity of goods in international markets, produce strong terms of trade effects. As argued before, in the original BKK formulation this change in the relative price of traded goods translates into countercyclical net exports. With GHH preferences instead, the model relies on a mechanism that involves directly larger response of market consumption to shocks and, as a consequence, the value of this elasticity does not affect the cyclical properties of net exports.
I nally analyze the effects of varying country size. Countercyclical net exports represent a feature of the data consistent across countries, independently of their size. Motivated by this observation, I study an economy in which a small country trades with a larger country, proxy for a rest of the world aggregate. This model exacerbates the failures of the benchmark case in that consumption smoothing even dominates the terms of trade effect: net exports are thoroughly procyclical. Introducing the tradeoff between home and market activities through GHH preferences produces countercyclical net exports independent of country size, as in the data.
The structure of the paper is as follows. Section II presents the main international business cycle features, focusing on the cyclical behavior of net exports and terms of trade. Section III presents the BKK model and Section IV provides a discussion about its counterfactual implications for the dynamics of international trade in goods. Section V introduces GHH preferences in the BKK setup. It illustrates how home production provides a mechanism to increase the volatility of (market) consumption and delivers countercyclical net exports without relying on changes in international prices. This section also discusses the sensitivity of the results to changes in parameter values. Section VI concludes.
Data
This section documents the main properties of international business cycle data, focusing on the dynamic of trade variables. I follow the tradition of the international macroeconomic literature in de ning the terms of trade as the relative price of imports to exports. Data for most countries are from OECD's Quarterly National Accounts database. In what follows, all statistics refer to the residual component obtained after applying HP-lter with smoothing parameter equal to 1600 to the natural logarithm of each series. The only exception is net exports, for which no logarithm transformation is implemented.
The rst column of Table 2 reports for most OECD countries international business cycle statistics of interest for our analysis. The rst four columns present the standard deviation of consumption (C), government expenditure (G), investment (I) and domestic absorption (DA) relative to the standard deviation of output. The remaining three columns show the correlation with output of net exports over GDP (NX), the terms of trade (TOT) and net exports over GDP measured at constant prices (NXQTY). This last variable measures the difference between quantities of goods exported and quantities of goods imported using a common xed numeraire and can be interpreted as a proxy for real net trade of goods between countries.
Some interesting empirical regularities emerge. First, by de nition net exports equal the difference between output and domestic absorption. It then follows that countercyclical net exports have a counterpart in terms of volatilities: domestic absorption has to be more volatile than output. The data con rms this intuition in that the ratio between the standard deviations of domestic absorption and output is in all cases greater than one. In summary, the data show three main patterns that characterize international business cycles.
First, net exports are countercyclical, indicating that countries borrow from international capital markets during expansions. Second, or alternatively, domestic absorption is more volatile than output with a large fraction of this volatility originating from consumption variability. Third, the real net trade in goods across countries is negatively correlated with output while the terms of trade do not have a strong cyclical pattern. In other words, there is a strong relation between income and imports of goods.
3 The Model
Preferences and Technology
Time is discrete. Denote by s t an event drawn each period from a (possibly in nite) set S t ; by s t the history of events up to date t and by (s t ) the probability at time 0 of a particular history s t : Households derive utility from consumption and leisure. Preferences are of the standard 4 Tables are available upon request. isoelastic form
where C i is consumption, N i is labor and the time endowment is normalized to one.
Households supply labor and rent capital to rms producing intermediate goods in a perfectly competitive market. Intermediate good producers solve a standard pro t maximization problem subject to a Cobb-Douglas production constraint, that is
s:t:
where q 
is an exogenous technology shock.
After intermediates are produced, households trade goods in the international market without frictions (hence the law of one price holds) and sell all their holdings of intermediate goods to
rms that produce domestic nal goods. The nal good can be either consumed or invested. In each country, capital is subject to a convex adjustment cost so that it evolves according to the following law of motion
where In the benchmark case asset markets are complete. Let D i (s t ; s t+1 ) be the quantity of bonds purchased by consumer in country i after history s t that entitles to one unit of country 2 consumption if event s t+1 happens in period t + 1. Let Q(s t ; s t+1 ) be the price of such an asset. Then the budget constraint for the representative citizen of country i is
In the complete markets case, bond market clearing requires
In order to solve the model, I rst compute the non-stochastic steady state by setting the innovations in productivity equal to their unconditional mean values. I then log-linearize the system of equations characterizing the solution of the model around the deterministic steady state and solve the resulting system of stochastic difference equations using the method of undetermined coef cients as described in Uhlig (1999) .
Under complete markets, the only equations in which country size appears are the market clearing conditions for intermediates. The log-linearized version of these two expressions are
and
where a hat denotes percentage changes from steady state for the corresponding variable and ex i (i = 1; 2) are the export shares of each country. It then follows that:
Proposition 1 With complete asset markets, country size does not affect the equilibrium allocation independently of export shares.
I will make use of this result by studying the implications of country size on the cyclical properties of net exports. The importance of considering the role of country size is twofold.
First, as internationally. Allowing for more goods to be traded (i.e., having endogenous terms of trade) as in the speci cation proposed here represents a richer environment of analysis.
I will then conduct all the experiments under two scenarios. The rst is the standard BKK symmetric case, which has been extensively studied in the literature as an approximation for trade between U.S. and E.U. The second scenario consists of a small country (Canada) trading with a large country representing the rest of the world (E.U., Japan and U.S.) 7 . The only quali cation required by the model to study the effect of country size is that as country size shrinks, openness increases 8 .
Appendix C reports the parameter values used in the simulation. For the symmetric case, the parameters are taken from the original BKK work. For the small country scenario, the parameters are chosen using similar principles. The interested reader is invited to refer to the appendix for the details. 7 Appendix A provides details about how this aggregate for the rest of the world is constructed. 8 In the bond economy, country size affects the bond market clearing condition as well.
Additional variables of interest
The following variables will be the focus of the analysis in comparing the quantitative predictions of theoretical economies with the data. The terms of trade are de ned as the price of import relative to export
Net exports over GDP (expressed in terms of nal good units) are de ned as
Changes in net exports are determined by changes in quantities (exports and imports of goods)
and prices (terms of trade). The variable NXQTY represents the difference between exports and imports when both terms are evaluated at steady state prices, that is
Net Exports and Terms of Trade in BKK
In this section I show, by use of impulse response analysis and model simulations, that the twocountry international business cycle models generate countercyclical net exports through counterfactually large terms of trade effects. I then argue that this failure is related to the inability of the model to deliver suf cient volatility in domestic spending relative to output. Throughout the analysis, I include adjustment cost to capital so that the volatility of domestic spending is not arti cially increased by the excessive responsiveness of investment to productivity shocks. In particular, I adopt a convex adjustment cost function that speci es the units of output foregone to increase the capital stock. This speci cation introduces an extra parameter, elasticity of the investment-capital ratio with respect to Tobin's q, that is calibrated to reproduce the same investment volatility (relative to output) as in the data. Under this parameterization of the adjustment cost function no cost is incurred in maintaining the steady-state capital stock (i.e. in the steady state Tobin's q is one). Figure 1 presents the impulses responses in country 1 after a 1 percent increase on its own pro-
Impulse Responses
ductivity. An increase in productivity has the usual effects of increasing production, consumption and investment. For our purposes, I focus on trade between countries and do not report domestic variables. 
where c tot represents changes in the terms of trade and the rst component is obtained from the linearization of net exports evaluated at steady state prices, that is
As shown in the gure, the model does indeed generate countercyclical trade balance (N X starts from below zero), as originally argued in Backus et al. [1994] . However, this result is entirely due to the strong reaction in the terms of trade. The impulse response of the actual net trade in goods (N XQT Y ), instead, starts from around zero and stays in the positive region. The intuition for this result is straightforward: positive productivity shocks increase domestic output relative to foreign output, but agents in both countries consume a bundle of both intermediates.
When countries trade intermediates in the international market, the relative scarcity of country 2 good is re ected into an increase of the terms of trade. Consequently, net exports become negative during booms because the value of imports increases relative to the value exports. As for quantities, the country is exporting more than importing.
Impulse response analysis, hence, indicates that the model delivers countercyclical net exports through strong terms of trade effects that change the relative value of internationally traded goods.
The data, however, show no evidence of such a mechanism. 9 See Appendix B for a full derivation of these expressions. 
Time in quarters
An alternative interpretation on this failure can be obtained from the response of domestic absorption relative to output to productivity shocks (bottom right panel in the gure). As reported in Table 2 , countercyclical net exports are associated with domestic absorption being more volatile than output. The impulse response of domestic absorption, however, is below the impulse response of output, which seems to suggest that the model cannot reproduce this property of the data. Simulation results in the next section will con rm this intuition. The rst row presents the data. Given the symmetry assumed in the parametrization and in the estimation of the productivity process, we report moments that are averages of U.S and E.U. statistics. Net exports are countercyclical, the correlation with output being -0.51, which is associated with domestic absorption being more volatile than output (1.12). The terms of trade, on the other hand, do not show any clear cyclical pattern, its correlation with output being close to zero (0.12). The volatility of consumption relative to the volatility of output is 0.81, denoting a substantial degree of cyclical variability. Investment is somewhat less than three times as volatile as output (2.76).
Model Simulations
The remaining rows present simulations for different theoretical economies. Throughout the analysis, I calibrate the parameter governing capital adjustment cost so that all experiments reproduce the volatility of investment (relative to output) observed in the data.
The second row reports the ndings for complete asset markets. Net exports are indeed negatively correlated with output (-0.61), but the driving force behind this result is the strong terms of trade effect generated by the change in the relative scarcity of goods across countries. Positive productivity shocks at home increase the production of home goods thus reducing its international value. The subsequent appreciation of the terms of trade makes foreign goods more expensive than home goods, thus generating a negative trade balance mainly because of price effect. However, the net ow of goods between countries (N XQT Y ) is procyclical, which indicates that the trade off between saving (consumption smoothing) and investment (productive opportunities) is resolved in favor of the former. This mechanism is at stark contrast with the data, where expansions are associated with imports exceeding exports.
Our previous discussion provides directions to understand why the model is not consistent with the data: the volatility of domestic spending generated by the model is lower than the volatility of output. This nding is also counterfactual. Provided that we are replicating the volatility of investment observed in the data, these results altogether indicate that the model suffers from excessive smoothness in consumption. [1991], it is well known that in this class of models one internationally traded bond is enough to achieve allocation similar to the complete market case. Positive productivity shocks in one country translate into movements in opposite direction of the terms of trade, so that relative wealth is not affected 11 . I also experiment with different parameters for the portfolio adjustment cost function (as a proxy for frictions in allocating funds across countries) without nding signi cant differences.
The response of the terms of trade to changes in relative productivity depends critically on the elasticity of substitution between intermediates that appears in the Armington CES aggregator.
The row "Large Elasticity" shows the results for the case in which this elasticity takes value of 2.5
(instead of 1.5 as in the benchmark case). Higher substitutability between intermediates translates into lower response of the terms of trade. At this value, net exports are already procyclical. In the limiting case of perfect substitutability, this economy resembles a one-good economy and, not surprisingly, net exports are systematically procyclical (results are not reported for convenience).
The "Persistent" experiment refers to the case in which the parameters of the productivity process are such that there is no spillover effect and the autoregressive coef cients equal 0.99.
Under this parametrization we would expect a larger response of imports, given that agents in both countries would like to take advantage of the persistent investment possibilities available where the shock hits. As discussed before, however, this mechanism would imply that the response of investment, not consumption, would be stronger. After reproducing the volatility of investment as in the data, the response of consumption is still too small and net exports are countercyclical because of terms of trade effect. The net balance of trade in goods is still procyclical. Introducing an additional source of uctuations through government spending shocks does not affect the ndings. In the row "Two Shocks", I consider shocks to both productivity and government purchases. Following Backus et al. [1994] , government purchases are highly persistent and do not have signi cant spillover effects, so that the bivariate process governing these shocks has an autoregressive matrix B = diag(0.95,0.95), innovations uncorrelated across countries and standard deviations of 0.004. In most dimensions, the properties of the theoretical economy with two shocks are similar to those in the benchmark economy.
The bottom part of the table studies the implications of varying country size, so that a small country (Canada) trades with the rest of the world. The "Data" row refers to the properties of the data for Canada, while the "Benchmark" row shows the simulations. The data con rm the tight link between countercyclical net exports on one side and volatility of domestic spending relative to output on the other side. The simulations, instead, con rm the tendency for the model to produce procyclical trade balance. In fact, net exports are systematically procyclical, the volatility of consumption being much lower than in the data (0.45 vs 0.77).
In conclusion, this section has shown that the two-country DSGE models à la BKK deliver countercyclical net exports through large price effect, which is counterfactual. Further, the robustness of this result is limited to a small set of parameters values (low elasticity of substitution and same country size). These ndings indicate that the dynamics of quantities in the model is primarily determined by the consumption smoothing motive, thus generating procyclical net savings.
Introducing GHH preferences
In this section I show that introducing home production in the two-country framework enables the model to reproduce countercyclical net exports while providing a new interpretation of this phenomenon. I model home production by use of GHH preferences, as proposed by Greenwood, Hercowitz and Huffman [1988] . The advantage of this reduced form approach, compared to a fully speci ed home sector, is that it allows solve the model for market quantities only.
An extensive literature has recently incorporated household production into DSGE models, primarily motivated by two considerations. From the inputs perspective, there is large evidence on the importance of the allocation of time between market and non-market activities. From the output perspective, we observe a high degree of cyclicality in market consumption of goods and services that are substitutes for home production (such as eating at restaurant, child-care, housecleaning...) 12 .
This evidence suggests that there is a large reallocation of resources across market and nonmarket sectors at business cycle frequency. GHH preferences capture this tradeoff as driven primarily by changes in market technology relative to home technology. Suppose, for example, that the economy experiences a positive productivity shocks in the market technology. The increase in market wages induces households to supply more labor in the market, substituting away from home production. The reduction in hours worked in the home sector translates into less production of home goods which is replaced by an increase in consumption of market goods. As a result, booms are associated with larger response in market consumption than in the standard one sector model.
The introduction of home production in studies of international business cycles is not novel.
In the small open economy literature, Correia et al. [1992] show that GHH preferences are needed to be consistent with countercyclical net exports 13 . The application to the two-country two-good model shows that such a mechanism is necessary in a more general environment such as the BKK model. As illustrated above, the BKK set up includes the small open economy model as a limiting case in which the size of one country shrinks relative to the other and the elasticity of substitution between traded goods is large (i.e. there is only one good).
There have been also few attempts to introduce home production in the two-country envi- Devereux et al.
[1992] adopt a non-separable utility function similar to GHH. The goal of these studies, however, is to show that adding home production improves the model's predictions in terms of international correlations. In this paper, I argue that home production addresses a more fundamental issue related to the BKK model, that is the ability of the model to generate countercyclical net exports without relying on counterfactual terms of trade effects. The BKK model has been for a long time considered as a benchmark because it has provided a theoretical interpretation of countercyclical net exports: they re ect in large part the dynamics of capital. My ndings, on the contrary, emphasize the role played by consumption uctuations in interpreting this feature of the data. Home production provides a rationale for these uctuations.
Simulation Results with GHH Preferences
Under GHH preferences, the momentary utility takes functional form of the type
where > 1, > 0: Benhabib et al. [1991] show that this utility function can be obtained analytically as a reduced form case from a model that expands the commodity space to include home activities 14 . An interesting feature of this utility function is that despite leisure being a normal good, there is no income effect on (market) labor supply. The underlying home production structure, however, provides a rationale for this property: during booms, agents reduce hours worked at home in favor of market hours. Greenwood et al. [1988] , in their original contribution, explore the quantitative implications of such property in an environment in which shocks to the marginal ef ciency to investment are important for business cycle uctuations.
As in the previous section, I nd the solution of the model by linearizing around the nonstochastic steady state. The parameter values are the same as before. However, two additional parameters need to be calibrated, namely and : The parameter governs the elasticity of labor supply and is calibrated so that this elasticity is the same as in the Cobb-Douglas case. In particular, under Cobb-Douglas preferences the elasticity of labor supply (with marginal utility held constant) is equal to
while the value for this elasticity implied by GHH preferences is
Once is calculated, can computed from the static rst order condition so that in steady state the household allocates one third of her time endowment to market activities. . Contrary to the case with isoelastic preferences, under GHH preferences domestic absorption responds much more than output to productivity shocks: the ratio between the impact coef cients of domestic absorption and output is around 1:14 under GHH preferences, while it was 0:98 with isoelastic preferences. Given that the response of investment is kept constant across experiments (though in a unconditional sense), the larger response of domestic spending to productivity shocks must originate from the dynamics of consumption. 
Time in quarters
Simulations con rm these ndings. Table 4 compares the performance of the BKK model under isoelastic preferences and under GHH preferences. The rst striking difference is the increase in the volatility of domestic absorption relative to the benchmark case: under GHH preferences, the volatility of domestic spending is indeed greater than output volatility, as in the data. This effect is due to the increase in consumption volatility relative to output volatility.
In terms of correlation, net exports are countercyclical in both cases. However, with GHH preferences the net ow of goods across countries (N XQT Y ) in countercyclical as well, as in the data. The model with GHH preferences, in other words, is able to reproduce countercyclical net exports without resorting to counterfactual terms of trade effects. The mechanism underlying GHH preferences works as follows. After a positive productivity shocks, households reallocate labor supply from the home sector into the market sector because of the increase in the wage rate. The reduction in hours worked at home and, as a consequence, in consumption of home goods induce agents to increase their consumption of goods produced in the market. This effect generates imports of goods to exceeds exports, so that the trade balance is countercyclical.
The economics behind home production is closely related to the introduction of a non-tradeable sector into the original BKK formulation. However, there are two arguments that make the choice of home production vis-à-vis a standard non-tradeable sector preferable. First, GHH preferences introduce a non-tradeable good that is close substitute for tradable consumption. While the empirical evidence suggest that there is a high degree of substitution between home and market consumption, this is not the case for nontraded goods. Stockman and Tesar [1995] , for example, estimate an elasticity of substitution between traded and nontraded goods equal to 0.44. In general, this elasticity is estimated to be less than one.
A second reason to prefer home production to non-tradeable production stems from the twosectors implications of the model. In a two-sector environment, in fact, changes to the relative ef ciency of production induce large reallocation of inputs across sectors. This is, at the end, the mechanism at work with home production. In the case of a non-tradeable sector, however, this mechanism would generate negative inputs comovements across sectors belonging to the same economy, whereas business cycles data display high positive comovement across sectors.
The negative correlation between home and market production generated by the model is, on the other hand, a desirable property because consistent with the empirical evidence.
Overall, these results provide additional support to the quantitative importance of the substitution between home and market activities at business cycle frequency. The increase in the responsiveness of market consumption to expansions in market economic activity helps explaining why we observe a strong relationship between income and imports. This analysis suggests also that not the dynamics of capital, but the response of consumption to income shocks represent a fundamental determinant of the cyclical uctuations of the trade balance.
Sensitivity Analysis
This section provides additional evidence in favor of the introduction of GHH preferences into the BKK model by performing sensitivity analysis with respect to two key parameters, namely the elasticity of substitution between traded goods and country size. Table 5 reports sensitivity analysis to different values for the elasticity of substitution between intermediate goods. As already mentioned, this parameter is important because it affects the volatility of the terms of trade and, as a direct consequence, the countercyclicality of net exports. Table 5 illustrates that our ndings are not sensitive to the particular value for this parameter.
In all cases, countercyclical net exports are associated with countercyclical net trade in goods and domestic absorption is more volatile than output because of suf cient volatility in consumption. It is worth to notice that for large values of this elasticity, the terms of trade become negatively correlated with output, feature that characterizes some countries of Table 2 . The intuition for this result can be found by analyzing the linearized expression determining the terms of trade in the model. Appendix B, in fact, presents the derivation of the following relationship
where both and are positive coef cients. This equation implies that changes in the terms of trade are the result of two offsetting forces. The second term (b y 1 b y 2 ) can be interpreted as a supply effect and captures the idea that productivity shocks alter directly the relative scarcity of goods in the international markets. Hence, positive productivity shocks at home imply that foreign goods become more expensive. The rst term \ nxqty represents a shift in domestic aggregate demand (real net exports equal the difference between real output and domestic spending). The cyclical properties of the terms of trade re ect the balancing of these two effects. In the original BKK formulation, the former effect strongly dominates the latter, so that the terms of trade are always procyclical. Adding home production through GHH preferences, instead, makes the response of domestic spending stronger so that, for large values of the elasticity of substitution between intermediates, the terms of trade turn out to be countercyclical.
As a nal experiment, Table 6 shows the effects of varying both the elasticity of substitution between intermediates and country size at the same time. For simplicity, only the correlation between net exports and output (NX) and between net trade in goods and output (NXQTY) are reported. Note. See note Table 4 . Table 6 con rms that results are robust to changes in the elasticity of substitution between intermediates in the small country environment as well, thus increasing the robustness of the original BKK formulation along this dimension. In addition, these results demonstrate that the two-country model with GHH preferences can provides the basic analytical framework to study business cycles in small open economies, which is richer than the conventional framework adopted in the literature.
Some nal remarks
This section explores the implications of GHH preferences for international prices 15 . As Backus et al.
[1995] point out, two-country versions of real business cycle models generate extremely low variability of the terms of trade compared to what we observe in the data ("price variability anomaly"). Moreover, it is well known that the real exchange rate is volatile and persistent in the data, feature dif cult to reproduce in theoretical economies. Table 7 compares the volatility of international prices under the original BKK formulation and under GHH preferences. The data, which for simplicity refer to U.S. only, reveal two important features: the terms of trade (T OT ) are more volatile than output and the real exchange rate 16 (RER) is extremely volatile (more than the terms of trade).
Under the standard BKK formulation, the terms of trade are half as volatile as in the data.
Under GHH preferences, the model performs poorly in this dimension, the volatility of terms of trade being one fourth of the volatility observed in the data. Our discussion of equation (22) provides an intuition for this failure. Terms of trade movements re ect the balance between two opposing forces: relative scarcity of intermediates due to changes in production and relative shift in domestic spending. Under GHH preferences, domestic absorption responds more to productivity shocks than under isoelastic preferences, thus offsetting the relative scarcity effect embedded in the model. As a consequence, the terms of trade uctuates even less than in the original BKK formulation. The counterpart of this effect is that the model generates more realistic dynamics in goods trade: not only net exports are countercyclical, but the volatility of net exports is also 15 I would like to thank an anonymous referee for suggesting to include this section and for useful comments. 16 The series for the U.S. exchange rate is a trade-weighted measure of the real value of the US dollar reported by the Boad of Governors (Board Index).
closer to the empirical volatility. Under BKK, instead, net exports exhibit very low variability. 
where im is the import share. Given that the import share is between 0 and 1, this relationship implies that the real exchange rate is always less volatile than the terms of trade. More importantly for our purposes, the above relationship depends only on the production structure and is independent of preferences and asset markets assumptions. Not surprisingly, then, the model under GHH preferences preserves the ranking of volatilities implicit in the BKK model, thus making the real exchange rate implications of the model still at odds with the data.
In conclusion, under GHH preferences the model generates international business cycles in line with the data with respect to the overall dynamics of quantities. The major discrepancy between theory and data concerns the variability of international prices.
Conclusions
This paper challenges the conventional wisdom that trade uctuations re ect, to a large extent, the dynamics of capital formation typical of two-country models à la Backus et al. [1992, 1994] .
After replicating the volatility of investment, theoretical economies generate countercyclical net exports through large terms of trade effect, while the net ow of goods is indeed procyclical.
In the data, however, the latter is countercyclical, indicating that there is a strong relationship between income and imports.
Countercyclical net exports have a counterpart in terms of volatilities: domestic absorption is more volatile than output. I use this observation to point out that the model delivers too little variability in consumption or, in other words, consumption smoothing is the main force governing the dynamics of trade.
I then introduce home production through GHH preferences in the standard two-country framework. Productivity shocks, by altering the relative ef ciency between home and market activities, are associated with stronger response in market consumption so that net exports are countercyclical because of imports exceeding exports, as in the data. These ndings suggest that countercyclical net exports re ect primarily the dynamics of consumption.
The major discrepancy between theory and data concerns the volatility of international prices.
Under GHH preferences, the model successfully reproduces the cyclical properties of quantities, including the volatility of trade variables. The implications in terms of variability of the terms of trade and the real exchange rate, instead, are in contrast with the data. I leave the study of this important issue to future research. , where is the elasticity of substitution between a and b.
Given that the Armington aggregator is homogenous of degree one, it is immediate to calcu-late its log-linearize version as
where im is the import share. This expression shows that $ is calibrated by computing import shares from the data.
The trade balance over GDP is de ned in equation (15) while for the rest of the world I arbitrarily set this value equal to 0.001 so that it resembles a closed economy. The corresponding value used by BKK is 0:15.
I compute the two sequences of productivity shocks z it using the expression z it = ln(y it ) (1 ) ln(n it )
where y it is real output and n it is total employment. Given the two sequences of technology shocks, I then estimate a 2 x 2 VAR process. For the BKK case, the estimates did not differ signi cantly from their original values, despite the use of a different sample 19 . I decided to use the latter for easy of comparison. For the small country case, I set the spillover parameter from
Canada to the rest of the world to be equal to zero because of lack of statistical signi cance 20 .
Hence, the coef cients on the main diagonal are also the eigenvalues associated with the process, determining the persistence of the solution associated with two sequences of shocks.
The last row of the table reports the ratio of population between countries. I use working age population in the year 2000 for Canada and for the rest of the world aggregate to calibrate this parameter. This parameter does not affect the simulation under complete markets, but only the bond economy case. = 0:04 20 The estimated value turned out to be extremely small and insigni cant. The p-value for Granger causality test is around 40 percent for this coef cient.
